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The invention relates >o an exhaust gas catalyst composition, in the Mowing "catalyst 
composition", and a process for its preparation. 

The reduction of nitrogen oxide emissions represents one of the greatest challenges in 

f "7! p T ion ' Several approaches have been fol,owed to — N °» «— « 

for oth mobile and stat.onary applications induding comhustion modification methods and 
enitnfication of flue gases. The fotmer, although NO, removal efficiency varies with the 
technology applied, cannot achieve more than 50-60% of removal efliciency. After-treatment 
of flue gases can achieve substantially larger efficiencies especially when a catalytic method 

emP,0yeA SeVeri " W ° °f catalysts have heen tested which are active under different 
environments and conditions. The use of a large number of catalysts to eliminate NO is 
associated with different reaction pathways that can be divided as follows (,): 

1 . The selective catalytic reduction of NO with ammonia (herein after refetred to as SCR) for 
stationaiy applications like power stations and chemical industrial plants 

2. The catalytic reduction of NO in the presence of CO, typica, of antomotive pollution 

3. The catalytic reduction of NO in the presence of hydrocarbons, a method no, in use 
commercially but potentially interesting for automotive and industrial pollntion control 

4. The direct elimination of NO through decomp„ sition for which . duraWe ^ ' 
catalysts has not yet been developed. 

5. The sorbing of NO or NO x -trap catalysts. 

Among these methods the most widely emp,oyed technology for sfationaty applications is 
SCR (2-4, It was mtroduced in the late ,970s for the control of NO. emissions in stack gases 
*r thermal power plants and other industria, facilities. SCR plants are cutrently operating i„ 
USA, Japan, Europe and Far East for a total capacity of the order of 1 80000 M W The SCR is 
based on the reduction of NO, with NH 3 into water and nitrogen according to the reaction: 

4NO + 4NH 3 + 0 2 - 4N 2 + 6H 2 0 



The technology is operated commercially over metal-oxide SCR catalysts made of a 
homogeneous mixture of Ti0 2 (80-90 wt.-%), W0 3 (6-10 wt.-%) and V 2 O s (1-3 wt.-%) 
which may contain some Si0 2 (0-10 wt.-%) in the formulation. Titania is used as a high 
surface area carrier to support the active component V 2 0 5 which is responsible for the activity 
of catalysts for NO x reduction. It is also responsible for the oxidation of S0 2 to S0 3 when S0 2 
containing gases are delivered to the catalyst. Therefore, for high-sulfur content off-gases, its 
amount is kept low (below 1 wt.-%). W0 3 (sometime also M0O3) is employed as a 
chemical/structural promoter to enlarge the temperature window of application. Silica is often 
used to improve the catalyst strength and stability. Commercial catalysts are employed as 
honeycomb monolits due to several advantages over a packed bed arrangement: lower 
pressure drop, higher attrition resistance, less plugging by fly ash. 

GB 1 495 396 describes a catalyst composition containing as active ingredients oxides from 
titanium, at least one of molybdenum, tungsten, iron, vanadium, nickel, cobalt, copper, 
chromium and uranium, and as optional component(s) tin and/or at least one of silver, 
beryllium, magnesium, zinc, boron, aluminium, yttrium, rare earth metal, silicon, niobium, 
antimony, bismuth, manganese, thorium and zirconium, which oxides are present as an 
intimate mixture. 

EP 1 145 762 Al describes a process for the preparation of a vanadia SCR-catalyst supported 
on titania. The process is characterized in that the catalyst is prepared by dispersing titania in 
an ammonium metavanadate solution, adjusting the pH of the solution to a value of 7.0-7.1, 
stirring the resulting suspension for a time for complete adsorption of the vanadium 
compound on titania, filtering the suspension and drying and calcining the resulting catalyst 
compound. 

In spite of the fact that SCR technology is used worldwide there are still opportunities to 
improve catalytic performance especially in relation to the following issues: (i) to improve 
catalyst design in order to obtain at the same time a higher activity in NO x removal and a 
lower activity in S0 2 oxidation; (ii) to limit ammonia slip and to improve the behaviour of the 
system under dynamic conditions; (iii) to extend the present applicable temperature range of 
SCR catalysts towards higher temperature up to 600°C and to avoid deactivation which 
occurs at present catalysts when treated at high temperatures. It is in fact known that the 
activity of a V 2 0 5 /Ti0 2 /Si0 2 catalyst increases markedly with a rise in calcinations 



temperature up to 600-650X and then rapidly decreases. This is mainly due to phase 
transformation of Ti0 2 (anatase) into Ti0 2 (rutile) and consequent loss of BET surface area 
whith changes in the chemical state of surface vanadium species. Solving these issues will 
pave the road for use of SCR also in mobile applications; the process using urea as reducing 
agent is in fact investigated intensively for use in diesel or gasoline lean-bum engines (5-6) 
The challenges for automotive applications are high SCR activity and improved thermal 
stability of vanadia-tungsta-titania catalysts in the temperature range 423-1000K. Such 
extreme operating temperatures (compared to "classic" SCR applications where temperature 
range of the order of 573-773K are often encountered) are certainly of short duration and may 
occur at very high power output (low rpm and high load). 

The present invention is aimed to solve the problem related to improvement of thermal 
stability at higher temperatures where state of the art V/Ti/W/Si and V/Ti/W catalysts still 
suffer strong deactivation. 

The catalyst composition according to the invention is represented by the general formula 

REVO/S 

wherein 

RE is at least one of the group of rare earth metals Y, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Er and Yb 

in an amount of up to 6.0 wt.-%; 

V is vanadium in an amount of 0.2-2.5 wt.-%; 

O is oxygen in an amount of up to 3.5 wt.-%; and 

S is a support containing TiO, in an amount of at least 70 wt,o/„, with the rest being at least 
one of W0 3 and M0O3, and optionally Si0 2 . 

The invention is based on the observation that introduction of a rare earth metal (RE) into 
V/Ti/W/Si and V/Ti/W catalysts strongly improves activity even after aging at temperatures 
of 750°C for several hours, when the activity of state of the art catalysts drops to negligible 
values. This allows potential application of these catalysts in the removal of NO x from diesel 
or gasoline lean-burn automotive engines in addition to stationary applications at high 
temperatures. 



In a preferred embodiment RE is at least one of the group of Pr, Sm, Gd, Tb, Dy and Er, and 
particularly one of the group of Sm, Gd, Tb, Dy and Er, and more preferred at least one of Er 
and Tb. 



Also preferred is that the support S of the catalyst composition contains Si0 2 in an amount of 
4-12 wt.-%, particularly in an amount of 5-10 wt.-%. 

The invention is also directed to a process for the preparation of a catalyst composition, 
characterized in that a solid support containing Ti0 2 in an amount of at least 70 wt.-%, at least 
one of W0 3 and M0O3 in an amount of 5-20 wt.-%, and optionally Si0 2 in an amount of up to 
15 wt.-%, is contacted with an aqueous solution of a salt of at least one rare earth metal 
selected from the group of Y, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Er and Yb to give a slurry which 
is brought to dryness and calcined. By bringing the solid support in contact with the solution 
of the rare earth salt, adsorption on the support takes place. 

In a more preferred embodiment the rare earth metal is at least one of the group of Pr, Sm, 
Gd, Tb, Dy and Er, and particularly one of the group of Sm, Gd, Tb, Dy and Er, and more 
preferred at least one of Er and Tb. 

The aqueous solution of the at least one rare earth metal may also contain a vanadium salt. 

The invention is also directed to a catalyst composition which is obtainable according to the 
inventive process mentioned above. 

The invention is also directed to a catalyst composition which is obtainable according to the 
inventive process containing 

said rare earth metal in an amount of up to 6.0 wt.-%; 
optionally vanadium in an amount of up to 2.5 wt.-%; 
oxygen in an amount of up to 3.5 wt.-%; 
Ti0 2 in an amount of at least 65 wt.-%, 

at least one of W0 3 and M0O3 in an amount of up to 20 wt.-%, 
and optionally Si0 2 in an amount of up to 15 wt.-%. 

In the following preferred embodiments of the invention are described in more detail. 



The ca,a,y*s according to the invention were obtained starting ta ^ support materia|s rf 
compos.fion 8,%T i O 2 -9%WO, 1 0%S i O J (Ti/W/Si) and 90S TOWOSWQ, <T,7W> To h 
support, a combination of V and RE elements were added ,o provide a NO, reduction 
catalysts represented by rhe formula REVO/Ti-W-Si with RE= Y, Ce Pr Nd Sm Gd TK 

ua-2. 1 wt.-% Vanadium and up to 2 7 wt -% r>v™„„ „ 

, . M P /Wt - /o ° x ygen, corresponding to a REVO loading in 

the range of 2.5-8.5 wt.-% 8 



1 • Preparation of a catalyst according to the invention containing 5.0 wt* Er and 
1.5 wt.-% V on a Ti-W-Si support 

11. Preparation of the Ti-W-Si support 

CTosoZ^nr ° ' W — — *»~" Then lS.06 8 of 

L.«W, , 530 KD (a tradename for a product of Zschimmer * Schwarz Chemische Fabrixen 

about 30 C, ammonia water was gradually added When the nH nf *p • . 

7 vvnentnepH of the mixture reached 7 the 

add,„on was stopped The mixture was aged by al.owing it to stand fo , 2 ^ _ £ 

TtCVStO; gei was filtered , washed with water, dried ar ,20'C for ,0 hours and further 
washed w,,h water, then calcined a, 500°C for 3 hours. The resulting T10 2 -S10 2 powder 
ontamed 86 mo!e% of , it amum and 1 4 mo,e% of silicon as SiO, The resuhing powder was 
designated as (Ti/Si). S puwaer was 

A solution „«.,«, of«„ paratungstate [(NH4) , 0Wl2O4i . 5HjO] in 5Q0 
water was a ded ,o 73.4g of (Ti/Si, They we re moroug* mixed with stirring, concentrated 
dned »d canned a, 500°C for o hours. The resu.ting support had a weigh.% rario 
Ti0 2 :W0 3 :Si0 2 of 81:9:10. 



Preparation of the catalyst according to the invention 



An aliquot of 69.7 mg of ammonium metavanadate was dissolved in 10 ml of IN oxalic acid. 
The solution was heated in order to obtain the blue complex (NH 4 ) 2 [VO(C 2 04) 2 ] and then 
2478.2 mg of erbium acetate solution (4.6% of Er) were added under mixing. Moreover, some 
drops of HN0 3 were added in order to avoid the precipitation of the erbium oxalate. Then, the 
support (1831.8 mg of mixed oxide containing 81%TiO 2 -9%WO 3 -10%SiO 2 ) was added. This 
slurry was brought to dryness under continuous stirring at 80-100°C. Finally, the solid was 
dried at 120°C overnight and calcined at 650°C for 2 hours, pressed into pellet, crushed and 
sieved in the range 355-425 ^m. This will be referred as fresh sample. 

Aging of samples was carried out in a tubular furnace at a temperature of 750°C for 10 hours 
under air. 

2. Preparation of a state of the art catalyst 1 .7%V/Ti/W (8) 
2. 1 . Preparation of the Ti-W support 

The preparation of the support was carried out according to (9) : 87g of titanium tetrachloride 
(T1CI4) were poured into 300 ml of ice water and the solution was neutralized with 3N 
ammonia water. The resulting precipitate was separated by filtration, and thoroughly washed 
with distilled water. A solution of 4.58g of ammonium paratungstate r(NH 4 ) 10 W l2 O 4I 5H 2 O] 
in 325 ml of distilled water was thoroughly mixed with the resulting cake. The resulting slurry 
was dried, and calcined at 500°C for 6 hours in a muffle furnace. The resulting support had a 
weight% ratio Ti0 2 :W0 3 of 90:10. 

2.2 . Preparation of the catalyst 1 . 7% V/Ti/W 

An aliquot of 77.2 mg of ammonium metavanadate was dissolved in 10 ml of IN oxalic acid. 
The solution was heated in order to obtain the blue complex (NH 4 ) 2 [VO(C 2 0 4 ) 2 ]. Then, the 
support (1940 mg of mixed oxide containing 90%TiO 2 -10%WO 3 ) was added. This slurry was 
brought to dryness under continuous stirring at 80-100°C. Finally, the solid was dried at 
120°C overnight and calcined at 650°C for 2 hours, pressed into pellet, crushed and sieved in 
the range 355-425 urn. 



adsoipwdesorption at 77K wifh a <3« * ^ me «£T method using N 2 

77K w,th a Sorptomat.c 1 990 instrument (Carlo Erba). 



3. 



Catalyst Testing 



preheated and premised and ammonia was added ,„ (he " M ™ 

entering the re a ct „ r t0 avoid side reactions ~ ° ™» immediately before 

a «m,ace. Temperature was con^ bTa ft ""^ ^ *" ta — 

exiting ,he reactor was scmbb " a ^ " ^ * 

—7—^:= :r;rn:;r' rap 1 

measured under stationary condition, in * . * he cata, ysts were 

iy conditions in a temperature ranee nf^wp f 

equipped with a gas cell. n FTIR spectrometer 



Table 2 shows NOjf removal efficiency in me temper range 25 „ 

contammg 0.4-2.1 w,.%Vand 1.4-5. 1 wt% RE on Ti/W/Si 250 430 C f ° r catal ^ 

activity was observed. A, this poi„, (ne . , , K ^ 3 m£ "" mUm NO » —*» 

-on ,o NO , w W c h h ^itrr: rrcr rr — 

calcination temperatures. Particularly for the state of the „ 7 " ° ShOW " 

-veoSO-C s.on 8 deactivation is o^JlZZ^'^^^ 
20%. A similar strong deactivation is observed al o w 1*7 " ^ ^ 3 " 

Nd) which suffer a slight deactivating. a « (comprising Y,Ce,Pr and 

* «* * - is i„ r m ~: tzzTz::: t ,s ^ sm - * 



Er and Tb containing catalysts where a substantial increase of conversion is observed after 
ageing in all temperature range examined. 



The overall picture detailing activity drop/improvement after aging is shown in Figure 2, 
which also highlights a dependence of activity on position of the element in the periodic table. 

Table 2 shows also the NO x removal efficiency against RE and V loading. The loading 
amount was controlled by varying the amount of ammonium vanadate and rare earth acetate 
solutions in the impregnation. The preparation of a 0.4 wt.% V and 1.5 wt.% Er on Ti/W/Si is 
reported below. 



The support was prepared as already described. The supported catalysts were prepared 
according to the following procedure: 19 mg of ammonium metavanadate were dissolved in 
10 ml of oxalic acid IN. The solution was heated in order to obtain the blue complex 
(NH4)2[VO(C 2 0 4 )2]and then 6 1 9.6 mg of erbium acetate solution (4.6% of Er) were added. 
Moreover, some drops of HN0 3 were added in order to avoid the precipitation of the erbium 
oxalate. Then, the support (1831.8 mg of Ti/W/Si) was added. This slurry was brought to 
dryness under continuous stirring at 80-100°C. Finally, the solid was dried at 120°C overnight 
and calcined at 650°C for 2 hours, pressed into pellet, crushed and sieved in the range 355- 
425 urn]. 



As listed in table 2 (examples 8-10, 12-13) loading does not affect strongly activity after 
aging. For all the sample investigated an unusual promotion of activity is observed after ag 
at 750°C. Catalysts in the fresh state are less active at the lowest loading, (especially at the 
lowest temperatures) consistently with the presence of a lower amount of active phase 
containing vanadium. Maximum of activity is observed always at 320°C. 

Surface area analysis is reported in Table 4 and 5. With all the catalysts examined aging 
procedure causes a drop in surface area which is proportional to the amount of RE and V 
deposited. This would suggest that aging induce an interaction between the active phase 
containing rare earths and the support. 

X-ray diffraction analysis of the supports showed that Ti0 2 (anatase) is the only phase 
detected after aging at 750°C under air for lOh, indicating that transformation to rutile does 



lur su PPorts not containing silica Tin i« 

W03.co„,a Wng pha ses and transfomia(ion of ana( ^ (o segTegatlon of 

Figure 3 and 4 show resnerti^u, v 

V2O5/WTS. Pe aks cZLI^r " ^ ^ - 

B-H. of X- ray .echn.W tLT " * S,Ze " " e ' OW " he d «-«on 

transforation is inilia ,ed at lower te _ re " a ^ '° ™ tile 



A more accurate analysis of V raw Am 

i" Che p eak position, Formation of m . xed ° ° fs ™» Frances 

presen, in the support) couM be a pM I^^ W f M - 

XRD pattem , The presenee of rjdual '^. a " h ° U8h "° W " , "» «° * found ftx> m existing 

fo mati „„ of cawo< in ^:i c : :;::r ercia ' ^——0, 

vadium is incorporaed int „ the ntania suppor , jn fe ^ * ^-°» - «*** 
obse^ed. In our cas e, , attice parameters of " f l . T " """^ 

occur. S i0i -con tai „ tag support shows . Jj™> «- «*- *» no, 

Table 6 summarizes XRD data nn ^ *■ ■ 

signers due ,o formal of rare ea „„ vanad ~ 7 ™ 

rm v a „ adat es. These c a „ be seen f rom lhe majority of ^ 



elements investigated. Calcinations at 750°C clearly evidence formation of crystalline REVO4 
for all elements with the exception of La. Interestingly, the presence of lanthanides seems to 
positively influence the degree of rutilization of the support and the process of 
segregation/formation of WO3. For silica containing support rutile is seen only at calcinations 
temperatures above 750°C and the appearance of crystalline WO3 is also retarded (this is true 
except for Tb, Ce and Pr-containing catalysts where the formation of W0 3 is not affected if 
compared with V 2 0 5 -only samples). In the absence of silica, segregation of WO3 and 
transformation to rutile occur already at temperature of 750°C, although the presence of RE 
slow down their formation. Figure 5 shows the effect of aging treatment at temperatures in the 
range 650-850°C for Tb-V-O/WTS. 



Table 1: Reaction conditions and gas 
composition. 



Catalyst weight 


100,0 mg 


Particle size 


350-425 jam 


Total flow 


0,3 1/min 


Temperature 


250-450°C 


NO cone. 


200 ppm 


NH3 cone. 


240 ppm 


02 cone. 


20000 ppm 


H20 cone. 


10% 


N2 cone. 


balance 



Table2: Activity of fresh and aged catalysts containing RE and V 
Ti02:W03:Si02 (81:9:10) matrix. 









NO conversion in % 


Example 


RE 


RE 


V 


250°C 


250°C 


320°C 


320°C 


450°C 


450°C 


Nr 




[%] 


[%] 


fresh 


aged 


fresh 


aged 


fresh 


aged 


1 


Y 


3,7 


2,1 


49 


25 


70 


49 


55 


29 


2 


La 


4,6 


1,7 


31 


0 


51 


0 


38 


3 


3 


Ce 


4,6 


1,7 


67 


20 


86 


31 


46 


21 



Table 3: Activity of fresh and aged catalyst 



matrix. 



s containing RE and Von Ti02:W03 (90:10) 
NO conversion in % 




2 


| La 


| 4,6 


1,7 


68 


1 22 

-! 


3 


Ce 


4,6 


1,7 


62 


17 


4 


Pr 


4,6 


1,7 


60 


28 


5 


Nd 


4,7 


1,7 


66 


24 


6 


Sm 


4,8 


1,6 


64 


28 


7 


Gd 


4,9 


1,6 


64 


28 


8 


Tb 


1,4 


0,5 


80 


56 


9 


Tb 


2,8 


0,9 


76 


45 


10 


Tb 


4,9 


1,6 


67 


35 


11 


Dy 


4,9 


1,5 


68 


19 


12 


Er 


1,5 


0,4 






13 


Er 


5,0 


1,5 


68 


33 


14 


Yb 


5,1 


1,5 


70 


11 



Table 5: Surface area of fresh and aged V containing catalysts on Ti02:W03:Si02 
(81:9:10) and Ti02/W03 (90:10) matrix. 



Sample 


Surface area 




Fresh 


Aged 


V 2 O s on Ti/W/Si (81 :9:10) 


65 


8 


Ti/W/Si (81:9:10) 


88 


70 


V 2 0 5 on Ti/W/ (90:10) 


24 


6 


Ti/W(90:10) 
1 


59 


29 



Table 6: Identification of phases with XRD on samples (4.6+5% RE loading) calcined 
at different temperatures. 



dopant 


support 


Aging at 650°C 


Aging at 7*50°C 


REVO 

4 


Rutile 


wo 3 


REVO 

4 


Rutile 


wo 3 


Y 


WTS 


v.weak 


none 


none 


yes 


none 


None 


La 


WTS 


none 


none 


none 


weak 


none 


v.weak 


Ce 


WTS 


v.weak 


none 


none 


yes 


none 


Yes 
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Claims 



1 . Catalyst composition represented by the general formula 

REVO/S 

wherein 

RE is at least one of the group of rare earth metals Y, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Er and Yb 

in an amount of up to 6.0 wt.-%; 

V is vanadium in an amount of 0.2-2.5 wt.-%; 

O is oxygen in an amount of up to 3.5 wt.-%; and 

S is a support containing Ti0 2 in an amount of at least 70 wt.-%, with the rest being at least 
one of W0 3 and M0O3, and optionally Si0 2 . 



2. Catalyst composition according to claim 1 , characterized in that RE is at least one of 
the group of Pr, Sm, Gd, Tb, Dy and Er and particularly one of the group of Sm, Gd, Tb, Dy 
and Er. 



3. Catalyst composition according to claim 2, characterized in that RE is at least one of 
Er and Tb. 



4. Catalyst composition according to any of claims 1 -3, characterized in that S contains 
Si0 2 in an amount or 4-12 wt.-%, particularly in an amount of 5-10 wt.-%. 



5 . Process for the preparation of a catalyst composition, characterized in that a solid 
support containing Ti0 2 in an amount of at least 70 wt.-%, at least one of W0 3 and M0O3 in 
an amount of 5-20 wt.-%, and optionally Si0 2 in an amount of up to 15 wt.-%, is contacted 
with an aqueous solution of a salt of at least one rare earth metal selected from the group of Y, 



Ce, Pr, Nd, Sm, Gd, Tb, Dy Er and Yh ,„ • , " "' "' '' 

ca,cined. 10 g ' Ve 3 *** Wh "* * "™Sh< ,o dryness and 



Dy and Er. ' " "* * "* ~ °™<= Sroup of Sm , Gd , Tb , 



o 7 fTb ;;r accordingtoc,aim6 ' ch ~ «-—.—,..„_ 



one 



8- Process accordingtooneofclaims5to7 ,i, a ♦ • 

^ Catalyst co.position according to claim 9, containing 

rare earth metal in an amount of up to 6.0 wt 
ophonally vanadium in an amount of up to 2.5 wt>* 
oxygen in an amount of up to 3.5 wt.-%; 
Ti0 2 in an amount of at least 65 wt.-% 
a. leas, one of W0 3 and M0O3 in an a m „u„, of up to 20 wt , A 
and op, iona „y s i0j i„ a„ amoun , of up to , 5 ' ' 



Abstract 



Catalyst composition represented by the general formula 

REVO/S 

wherein 

RE is at least one of the group of rare earth metals Y, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Er and Yb 

in an amount of up to 6.0 wt.-%; 

V is vanadium in an amount of 0.2-2.5 wt.-%; 

O is oxygen in an amount of up to 3.5 wt.-%; and 

S is a support containing Ti0 2 in an amount of at least 70 wt.-%, with the rest being at least 
one of W0 3 and M0O3, and optionally Si0 2 . 




Figure 1: Scheme of the apparatus 
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ref.: 3%V 2 0 5 /W0 3 /Ti0 2 

Figure 2: Activity drop/increase (%) after aging for various temperatures 
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Figure 4: X-ray diffraction profiles of fresh and aged V 2 O s -WTS; rutile(^); 
anatase(«);W0 3 (O). 
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Figure 5: X-ray diffraction profiles of TbV0 4 -WTS aged at different 
temperatures; rutile(^); anatase(«);W0 3 (O);TbV04(n). 



